Inhibition of phorbol ester binding and protein kinase C activity by heavy metals.
Other laboratories have reported biphasic effects of heavy metals on protein kinase C activity: stimulation followed by inhibition at higher concentrations. We demonstrate that these earlier findings most likely resulted from a combination of the effect of the heavy metals to liberate Ca2+ from Ca2+-EGTA buffer systems and the direct inhibitory effects of the metals on protein kinase C. Simulations of such interactions substantiate this conclusion. When soluble protein kinase C is prepared without the addition of Ca2+ or chelator, heavy metals (Cd2+, Cu2+, Hg2+, Zn2+, in the 10 microM range) inhibit the activity of, and the binding of regulatory ligands to, protein kinase C. Heavy metals inhibit the extent of [3H]phorbol dibutyrate binding without affecting the affinity of the interaction, an inhibition that is not surmounted by excess phospholipid. Heavy metals also inhibit the phospholipid-dependent catalytic activity of protein kinase C in a manner that excess phosphatidylserine can overcome. The inhibition of enzyme activity by heavy metals cannot be surmounted by excess Ca2+ or Mg2+. The inhibitory effects of heavy metals are not confined to protein kinase C. Heavy metals also inhibit cyclic AMP binding to cyclic AMP-dependent protein kinase and the catalytic activity of that kinase, but in a distinctly different pattern.